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COMPOSITIONS CXaTTAININa OROAJflC COMPOUNDS 

* 

This invention is concerned with pharmaceutical formulations of epothilones, and in 
particular pharmaceutical formulations which are administrat>ie parenterally. e.g. 
5 intravenously. 

The epothilones represent a dass of microtubule stabiliang cytotoxic agents (see Gerth, K. 
et aL, J. Antibiot. S603 (1966); or Hoefle et al.* DE 41 38 042) of the formula 1. Typical 
representatives indude epothilone A wherein R is a hydrogen and epothiione B wherein R 
10 is a methyl group. 




They are l6-memt)er macroiides containing seven chiral centers and may also be 
characterized by various functionalities. For example, they may include other ring systems. 

15 such as an epoxide amVor a thiazole ring. They may have two free, derivatizable hydroxy! 
groups and the macrolide itself may comprise an ester linkage. The epotMlones and their 
syntheses are rtMcifbed for example in published PCT appBcation number WO 93/10121 
and DE 41 38 042 A2, the contents of which are incorporated herein t)y reference. Typical 
epothBone deiivatives and their svntheses are described In published PCT application 

20 number WO 97/1 9086 and WO 98/25929, the contents of which are bicorporated herein by 
reference. Reference to the epothilones Is preferably intended to mean epothilone A or 
epothilone B or ttieir salts and derivatives or mbetures thereof as aooropriate. Epothilone A 

« • 

or B may be used alone or they may be used as mixtuies of A and B. preferably however 
they are used as solely A or solely B, miost oreferablv solehr B. 

2S 

Cytotoxic agents are well known for the treatment of tumours. The antHumour actMty of 
many d these compounds relies on the inNbitkin of ceU prolHeration arid corisequent 
induction of apoptosis and ceil death. The majority of cytotoxic agents exert their effects 
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through interference of DNA and/or RNA syntheses. However, for certain cytotoxic agents, 
e.g. members of the taxane family, e.g. paditaxel. and the epothilones, their activity is 
reliant on their interference with microtubule dynamics. Microtubules are an important and 

ft 

attractive target for development of novel anti-cancer formulations. 

5 

* 

However, little has been published on formulations suitable for epothilones. We have found 
that the 1 6-member macrolide system is particularly labBe to degradation. Moreover, the 

t 

poor solubility of these compounds makes it very difficutt to fomi phamiaceutlcal 
formulations for parenteral administration. Poorty soluble compounds conventionally may be 

10 brought into solution by warming the solvent during the dissolution process^ However, given 
the high reactivity of these compounds they rnay be prone to degradation at eie^vated 
temperatures. Further, these highly reactive compounds may degrade over prolonged 
periods of storage as aqueous solutions. Concentrated solutions of the microtubule agent 
Taxol* which can be diluted in an aqueous medium prior to intravenous administrBtion .have 

15 been described. However, such solutions conventionally employ a surfactant such at 
Cremophoi^ (polyethoxylated castor oiO. It is weK Known tfiat surfactants such as 
Cremophoi* can cause allergic reactions in patients. 

Thus there is a need for commercially acceptable pharmaceutical formulations suitat)le for 
20 epothiiones, e.g. pharmaceutical formulations which allow for storage, e.g. in a refrigerator, 
e.g. at 2-8 ^C. 

We have now surprisingly found means to improve the solubility of an epothilone, e.g. 
epothilone A or epothBone B, and^or render ttwm more rapidly soluble without the use of a 
25 surfactant, for example a surfactant having an HLB value of 1 0 or more, e.g. Cremophoi*, 
and without adversely affecting their potency. . 

Accordingly, the invention provides in one of its aspects a pharmaceutical formulation 
comprising ah epothilone. e.g. epptNione A or epothflone B. which hereinafter may be 
30 referred to as a fomniiation of the present Invention. 

In a preferred embodimertt the invention provides a pharmaceuticai formulation in the form 
of an infusion concentrate which comprises an epothflone and a pharmaceuticaly 
acceptable organic solvent. e.g. in the absence of a surfadartt having an HUB value of 10 
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or above, e.g. Cremophoi^. The infusion concentrate does not require the use of a 
surtactam to improve the solubility of an epothilone, e.g. epothilone A and B, and/or to 
render it more rapidly soluble. As stated above, surfactants such as a polyhydrogenated 
natural or hydrogenated castor oii, e.g. of an HLB value greater than 10, e.g. Cremophoi^. 
5 may cause allergic reactions and they also can leach plastictsers from standard PVC 
containers, tubing and the like. Consequently, when they are employed one may be 
required to use special infusion apparatus, e.g. nitro-glycerine tubing and non-plasUcised 

m 

containers, such as glass, tubing and the like. 

• • - ' ' * 

1 0 The aforementioned pharmaceutk:ally acceptable oiganic solvent may be chosen from any 
such organic solvent known in the ait Said solvent may be used individually or as 
combinattons with other solvents. Preferably said t^lvent is Oquid at room temperature. 
Preferably the solvent is selected (0 from an alcohol with a carbon chain length of at least 2, 
e.g« CrCi, e.g. Ca or Ca or C^, or (B) from an N-alkylpyrrolldone, e.g. Ci*C4, e.g. 
IS methylpynoUdone. Typical examples of alcohols are. e.g. a water misdble alcohol, e.g. 
absolute ethanoi. or glycerol Other atcohols include glycols, e.g. any gtycoi obtainable from 
an oxide such as ethylene oxide, e.9. propylene giyoot. Other examples aie poiyols, e^ a 
poiyallcylene gtycoi, e^. poly(C»a)all(ytene gtycoL A typical example is a polyethylene 
glycol. e.g. of a preferred molecular weight of 200-600 daltons. more preferably. 200-400 
20 daltons. especially 300 daltons. Polyethylene glycols may be used In distilled form and may 
be characterised for example by one or more of the followir^ features: (0 an ethylene oxide 
content of maximally 20 ppm. typicaOy less than 1 ppm.e.g.0.1 to 0.5 ppm. ^ a pH value 
between 4.0 to 7.0. and (D) the absence of reducing substances and aldehydes (as 
determined by examination of the degree of coloration of the liquid lo be examined In 
25 cornparison with a refersnce soiutton confiprising ferric chloride salts (yellow solution) 
cobalt chlorides salts (red solutions), according to experimental procedures described In 
European Pharmacopoeia, Third Edition. 1 997. Council of Europe. Strasbourg. 
Chapter 2J2.2. Degree of coloration of liquids, p. 15 • 17, incorporated herein by reference. 
One skilled in the art would realize that pbtyethyterte glycols of various molecular weights 
30 may tM used as long as they are physioiogicaliy acceptable. The aforementioned solvents 
may of course contain residual water arising out of their production or being taken up from 
the atmosphere, e.g. up to saturation. e.g. up to 2 %. e.g. up to 0.5 %, e.g. typically less 

* 

lhan 0.1 %, e.g. from 0.01 to 0.05 %. if desired, the phannaceuticaily acceptable solvent 
may be mixed with water ("added watery. e.g about up to 45 % water. e.g. up to 30 %, e.g. 
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20 %. e.g. 5 %. Typical examples include ethanolAwater mixtures, e.g 70% ethanol 
weighUvolume (w/v). or polyethylene glycol/water mixtures, e.g. 90 % polyethylene glycol 

m « 

5 The epothilones, for example epothilone A or epothilone B, may be present in an infusion 
cofkentrate in a concentration of 0.1 to 100 mg/mt. e.g. 1 to 100 mg/ml, more preferat}iy 0.5 
to 50 mg/ml, more preferat)iy 0.5 to 10 mg/ml. most preferably 1 mg/M. 

An epothilone, e.g. epothilone A or epothilone B, may be used individually or as a mbdure of 
1 0 epothilones. e.g. a mixture of epothilone A and B. Given this strortger anti-tumour activ|fy of 
epothilone B it may be employed in a lower concentration than epothilone A in the 
fonnulation. When used alone it is preferable to employ a concentration of epothflone A ol 
0.1 to 100 mg/mi. e.g. 10 to 100 mg/tnl. preferably 0.1 to 50 mg/ml. e.g. 20 to 50 mg/M, and 
especially 1 mg/ml.. Epothilone B if used alone. Is preferably employed in a concentiation of 
15 0.1 to 50 mg/ml. e.g. 10 to 50 mg/ml. e.g. 1 to 50 mg/ml, and especially 1 mg/M. 

A phamiaceuOcai f ommilation of the present invention in the fonn of an infusion concentrate 
may be produced by vrartdng up, e.g. dissolving, ah epolhllone in a pharmaceutlcaily 
acceptable solvent of the invention, optionally with other exdptents. Preferably, no other 
20 exdpients are present . If they are presMit ttiey are present prefefat)ly m an amount of lest 
than5%. e.g. less than 2 %.e.g. between 0.1 to 1.5%. 

Infusion concentiates of the present invention are conveniently stored In suitable 
^nts^ss, e.g. vla!s, double-diamber via! systerrs, or ampoules. Typi^ly the viate or 

25 ampoules are made from glass, e.g. borosilicate or soda-lime glass. The viais or ampoules 
may be of any vohime conventional in the art preferably they are of a size sufficient to 
accommodate 1 to S nri, more preferably 2 ml, of an infusion concentmte. The containers 
may accommodate preferably a stopper that can be pierced, e.g. a sterile nibber stopper, 
viMch may provide an appropriate hermetic seal with the container to allow for transfer of a 

30 liquid from or to the container. 

The infusion concentiBies of the present invention may be stable for an extended period of 
Hme. e.g. up to 12 to 36. e.g. 24 months at temperetuies of at least 2 to 8 *C. as indlcatsd 
in standard stability tests. e.g. as described In the examples. 



* • 



wo 99/39694 



PCT/EP99ra0702 



-5- 



Furtheimore. the infusion concentrates exhibit little evaporation, ihey may be preduced 
using conventional equipment, e.g. no expiosion-proof equipment is necessary, and they 
can tolerate mbber stoppers when stored in containers, e.g. without causing the stoppen to 
5 degrade. 

Infusion concentrates may be diluted in a pharmaceuticafly acceptable organic solvent. e.g. 
an aqueous medium, suitable for intravenous admlntetraton to form an infusion solution 
before the epothilone is administered parenterally, e.g. intravefmusly, to a patient it is 
10 understood that, parenteral administration includes administration by infusion or injection. 

Accordingly, the invention provides in another of its aspects an infusion solution comprising 
in admixture an infusion concentrate as hereinabove defined and a diluent selected from a 
pharmaceutically acceptable organic sdvent, which is preferably an aqueous mediunv 

15 

« 

The pharmaceuticaUy acceptable orgartic solvent used as a dihient may be any of those 
solvents or combinations of solvents used in the infusion concentmte. Preferably however 
it consists of water, i.e. water*f or-injection. The infusion solution pref erat)ty has the same or 
essentially the same osmotic pressure as body fluid. Accordingly, the diluent preferably 

20 contains an isotonic agent or agents which has the effect of rendering the osmotic p 
of the infusion solution the same or essentially the same as body fhiid. 

m 

« 

The isotonic agertt or agefits may be seleded from ariy of those kTKMm in tfw ait, e.g. 
marmitol. dextrose, glucose and sodhim chloride. Preferably the isotonic agent is giuoosa or 

25 sodium chiorfde. The isotonic agent or agmts may be used in amounts which impart to the 
infusion solution the same or essentially the same osmotic pressure as body fluid. The 
precise quantities needed can be determined by routine experimentation and may depend 
upon the composition of the infusion solution and the nature of the isotonic agent or agents. 
Selection of a particular isotonic agent or agents may be made having regard to the 

30 properties of the epothilone, e.g. epothilone A or epothilone B. For example, when 
epothilone B is employed alone or in combination with epothilone A, the use of certain 
isotonic agent or agents may cause the infusion solution to turn turbid. The turt)idity may be 
attributed to the dissolution of the epothilone, e.g. epothilone B. 
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Surprisingly, we have found that if one employs glucose as the isotonic agent then the 
turbidity does not appear for long periods. e«g exceeding 24 hourSt if at ail. 

5 The concentration of isotonic agent or agents in the aqueous medium wiO depend upon the 
nature of the particular isotonic agent or agents used, preferably the cortcentration is 5 % or 
less. When glucose is used it is preferably used in a concentration of from 1 to 5% Wv, 
more partlcuiarty 5% w/v. When the isotonic agent is sodium chloride it is preferat)ly 
employed in amounts of up to 1 % viN, in particular 0.9% wN. 

10 

Infusion solutions according to the invention may comprise other exdpients commonly 
employed in formulations to toe administered intravenously. Exdpients indude antioxidants. 
Antioxidants may be employed to protect tiie epothiione, e.g. epothilone B, against 
oxidative degradation. Antioxidants may be chosen from any of ttiose antioxidants known in 
15 tiie ait and suitable for intravenous formulations. The amount of antioxidant may be 

determined try routine experimentation. As an alternative to the addition of an antioxidant, 
or in addition ttiereto, ttie antioxidant effect may be achieved by displacing oxygen (air) from 
contact with the infusion solution. This may be convenientfy carried out purging the 
container holding said infusion solution witti an inert gas, e.g. nitrogen. 

20 

The amount of diluent used bi admbcture with me infusion concentrate in onter to form an 
infusion solution may be chosen according to the desired concentration of epolhBone. e^. 
epothilone 6. bt the infusion solution. Preferably the infusion solution is prepared by mixing 

a vial or ampoule of irrfusion concentrate aforementioned with a dhient, e^g. a 5 % 
25 glucose solution in watar^or^Jection in a suitable contafrter. e.g. an infusion bag or bottle, 
making the volume up to between 50 ml and 1000 ml, e.g. 200 ml and 1000 ml or preferably 
50 to 1 00 ml, with the diluent The infusion solution so formed may be preferably used 
immediately or within a short time of being formed, e.g. within 6 hours. Attematlvely. the 
infu^on concentrate and a predetermined amount of diluent, may be loaded each into 

30 separate chamtMre of a doubie<hamber vial system and only mixed immediately prior to 
intravenous administration to a paUenL 

* 

in an alternative embodiment a pharmaceutical formulation of the present invention may be 
in the form of a lyophiUsed composition comprising an epothilone, e.g. epothHone A or 
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epothilone B. Given the poor solubility of epothilone A and B a lyophilisate mass consisting 
only of an epothilone, e.g. epothilone A or epothilone B* may be veiy small such that it does 
not provide a lyophllised composition of suitable bulk to be handled conveniently, e.g. giving 
acceptable content unif omiity, or even to the extent that it may even be difficult to detect 
5 visually. Accordingly, one may use exdpients in a lyophilised composition according to the 
invention which act to increase the sofids content and therefore the bulk of the lyophilised 
composition. Suitable exdpients may be any of those exdpients which used atone or in 
combination will increase the bulk of the lyophilised composition without adversely 
interacting with the epothitone such as to destabilise the epotMlone or otherwise reduce its 
1 0 potency. Additiorudly, the exdpients need to be suitable for use in pharmaceutical 
formulations, e.g. parenteral, e.g. intravenous phamnaceutical forrrujlations. Therefore 
when selecting an exdpient or exdpients consideration must toB given not only to the nature 
of the lyophilised composition but also to the nature of the final pharmaceutical form. 
Examples of suitable exdpients indude sodium or potassium phosphates, citric add, tartaric 
15 add, gelatin, lactose and other cart)ohydrates such as dextrose, mannitol and dextran and 
any of the cydodextrins which are suitable for use intravenously, e.g. a beta-cydodextrfn. 
Typical beta*cydodextrins indude also beta-cydodextrin derivatives, e.g. alkyi- or aHyl- 
derivatives, or hydroxyalkyi-derivatives, which are for example formed by a condensatton 
reactton til beta-cydodextrin with an oxkte, e.g. propyleneoxkte. In a more preferred 
20 embodiment the beta-cydodextrin derivatlye may be hydroxypropyi-t)etaH:ydodextrfn« 

Preferably the hydroxypropyl-beta-cydodextrin may be any of those menttoned by Roger A. 
Rajewski et al In the Journal of Pharmaceutical Sciences, Vol. 85, No. 1 1 , November 1996, 
pages 1 142 through 1 169, which artide is incorporated herein by reference. 

25 Through Judldous selection of exdpients the applicant has found that a suitably bulky 

lyophilised composition comprising an epothilone. e.g. epothilone A or epothOone B. may be 
fonned which exhibits improved solubility characteristics of an epothilone, e.g. epothilone A 
or epothilone 6. or renders the epothilone more rapidly soluble but which does not 
adversely affect the potency of the epothilone. 



The exc^iients or mbdures theriaoi may contrOMte to SO to 99.9 % of the total solids content 
of the lyophilised con^xisition. more preferably 90 to 99 %. e.g. 95 % of total solids of said 
composition. / 
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The epothilone may contribute 100% to the total solids content of the lyophiOsed 
composition although preferably it may contribute to 0.1 to 10 more preferably 0.1 to 1.5 
%. e.g. 1 J2% of total solids. 

5 

To the extent that the epothilone and cydodextrin or mannitol do not provide 1 00% of the 
total solids content of the lyophllised compositton, the balarm of solids may be provided by 
any exdpients commonly used in the field of lyophilisates which are to be reconstituted for 
pharmaceutical use, e.g any of the other exdpients referred to hereinabove. 

10 

Lyophilised compositions according to the invention may be formed from solutions 
(hereinafter referred to as "original solutions^ containing an epothilone, e.g. epothUone A or 
epothilone B, and suitable exdpients as defined hereinabove. Suitable solvents for such 
original solutions are either water alone or aqueous based solvents containing 
1 5 pharmaceuticaOy acceptable, water mlsdbie organic solvents, e.g. alcohols, more 
particularly etharu)! or pdyethyiane glycoi. 

Original solutions may contain from 0.01% to 0.5% (w/v) of epothOone. e.g. epothUone A or 
epottiOoneB. 

20 

■ 

Original solutions may be prepared by dissolving the epothBone, e.g. epothilone A or 
epothilone B, and exdpients in a suitatsle solvent and thereafter f iHerfng the solution 
through a filter. e.g. a steito 0.22 ndcion ftNer. The oiij^nal solution thus f onned may be 
fiOed into vials of suttable volume, preferably having a volume of 30 ml and a ffl volume of 
25 4.2mL 

In yet another asped the presem invention provides a nnethod of producing a lyophilised . 
composition which comprises the steps of (0 mixing an epothilone, e.g. epothilone A or 
epothUone B. writh a pharmaceuticaHy acceptable exdpient, e.g. manrUtol or a cydodextrin, 
30 e.g. a hydroxypropyl^ta'cydodextrin in a suitable solvent to f onn an original solution, and 
(iO dehydrating the original solution. 

■ 

Lyophifisation may be carried out according to Icnown techniques. In a pref errad process the 
aforementioned f Bled vials may be frozen in a lyophifisation ttianpw for approximately 3 
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hours at a temperature t>elow the eutectic point, preferabty approximately • 40 ^C. 
Thereafter the lyophiiisation chamt>er may be evacuated to about 0.1 to 0^ miiiitorr. The 
temperature of the chamber may then be increased to effect sublimation of the frozen 
liquids. Preferably the temperature is increased to about 0 and this temperature may be 
5 maintained for a period of 8 to 1 5 hours to effect lyophiitsatidn. 



The lyophitised composition may be used in the production of parenteral formulations and 
so the lyophiiisation process is preferably carried out under sterile conditions, for example 
using aseptic production processes or by irradiation. Aseptic formation of solutions 
10 containing pharmaceuUcally active compounds, the aseptic f illing of vials arKl lyophiiisation 
processes under aseptic conditions are weR known to the skilled addressee. 

The moisture content of the lyophilised composition thus formed may be 3% or less of the 
total weight of the lyophilised composition. Optionally however, a humidlfication step may be 

1 5 employed subsequent to lyophiiisation wherein sterile water vapour may be introduced into 
the lyophiiisation diamber at atmospheric pressure or at a reduced pressure as 
aforementtoned. Of course* if the humidlfication step is carried out under reduced pressure* 
the pressure may vary with the introduction of ttie water vapour, and pressure changes can 
be monitored and pressure adjusted if necessary using technkjues well known in the ait 

20 The humklif icatton step may be completed witti a time perkxl of from 4 to 8 hours 
depending on whether it is carried out at atmospheric pressure or reduced pressure. 

Lyophilised composittons obtair^ using a humidlfication step are hereinafter referred to as 
* hydrated tyopNHsates. SM hydrated lyophilisates may contain from 0.1 to 5 % by weight of 
25 water. 

Lyophilised compositions according to the present invention may be provkled in single 
dosage container forms. The single dosage container forms may be of any suitable size. By 
"suitable size' is meant an appropriate size having regard to Uie volume of solution which 
30 will be needed to reconstitute the lyophilised composition. Any suitable containers may be 
used to provide these dosage forms. By "suitable* is meant any container which may be 
used in aseptic fining procedures arnj which is capable of maintaining a sterile envirorvnent 
and which is unreactive to the lyophilised composition. Preferred containers may t3e formed 
of glass, e.g. Type i glass and may have means to receive a stopper, e.g. a sterile njbber 
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• ■ 

Stopper which may cooperate with the walls of the container to provide a hermitic seaL 
Preiened stoppers also may allow entry to the contents of the container for the purpose of 
introduction of a solvent, e.g. water for injection, for the lyophilised composition. 

5 The iyophiiised composition according to tiie invention may be storage stat)le for up to 24 to 
36 months at a temperature of 2 to 30 °C. Lyophilised compositions stored for these periods 
display no signs of degradation and the solubility characteristics remain unaffected. 

When it is desired to provide a parenteral, e.g. intraveneous, form of an epothilone, the 
1 0 lyopNIised composition may be re-constituted, preferably just before administretion. 

■ 

Re<onstitutlon may involve dissolving the lyophilised composition in water or some other 
phamiaceuttcally acceptable solvent as hereinabove described, for example physiological 
saline, an aqueous solution of a pharmaceuticatty acceptable alcohol. e.g. ethanol, 

1 5 propylene glycol, a polyethylene glycol. e.g. polyethylene glycol 300. and ttie Hke. or some 
other sterile Injectable under aseptic conditions. The single dosage container form may be 
rdled witti an appropriate quantity of sotvent having regard to the desired concentration of 
epottiUone, e.g. epothilone A or epothilone B. required for parenteral administration. Such a 
reconstituted lyophilised composWon may be preferably used Immediately or wittiin a short 

20 time of being formed. e.g. wittiin 6 hours. 

A pharmaceutical formulation of the present invention in suitable form for parenteral. e.g. 
intravenous administration, e.g. an infusion solution prepared by diluting an infusion 
concsntrats or a recoristiiuted lyophSlsed composition (herekiafter referred to as diluted 
25 formulations of ttie present invention), may be filled in containers chosen from any 

conventional container which is non'reacUve to said pharmaceutical fonnulations. Glass 
containers made from ttK)se glass types aforementioned are suitable atthough it is preferred 
to use plastics oorttainers, e.g. plastic infusion bags. 

30 nasties containers may be principally ttx)se composed of ttwnnoplastic polymers. Plastics 
materials may additionatly comprise additives. e.g. plastidsers. fillers, antioxidants, 
antistatics and ottwr additives conventional In ttw art 
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Plastics suitable for diluted formulations of the present invention should be resistant to 
elevated temperatures required for themial sterilisation. Preferred plastics trifusion bags are 
those made from PVC plastics materials known in the art. 

A wide range of container sizes may be employed. When selecting a container size, 
consideration may be paid to the solubility of the epothilone in the particular solvent and the 
ease of handling and. if appropriate, storage of the container. It is preferred to use 
containers which can accommodate between about 200 to 1000 ml, e.g. 250 to 1000 ml, of 
a diluted formulation of the present invention. 

A diluted formulation of the present invention may be preferably sterile. This may be readily 
accomplished, e.g. by inadiation or by filtration of said diluted fonnulation through sterile 
f Btration membranes. Aseptic formation of any composition in liquid form, the aseptic f HIing 
vials and/or combining of liquids for parenteral use with a suitable diluent under aseptic 
conditions are well known to the skilled addressee. 

. A diluted formulation of the present invention is useful for treatment and preventicn of 
maikinant oroHf onitive disorders, for example the indications and corxlitions disclosed in 
WO 93/10121 and DE 41 38 042 A2, the contents of which are Incorporated herein by 
reference. More specif IcaDy, they may be useful for the treatment of a tumour disease, e.g. 
a melanoma, ovarian cancer, pancreas cancer, neuroblastoma, head and neck cancer, 
bladder cancer, renal, braia gastric or preferably a colorectal, prostate, breast, lung 
(espedaily non*smail ceB lung) or epttfielial, especially epidermoM, e.g. cervical, cancer. 
Moreover, a dOuted f ormutation of the present invention is benefida! in treating condiSicns 
for which and In the same manner as Padltaxei^ is used. For certain tumours epothitones 
offer enhanced beneficial effects compared with Paditaxel^. For certain tumours, e.g. 
certain types of lung tumours, e.g. A549 lung epothilone B offers enhanced benefldal 
effects compared with PacUtaxef . 

GeneraBy, a dSuted f ormulatksn of the present invention may be admirtistered in an amount 

« 

which is therapeutically effective against a proliferative disease that can be treated bf 
administratton of an epothBone, e.g. epothik)ne A and/or epothilone B, espedaily epotNkMie 
B. Such proliferative diseases indude any proliferative disease as menttoned at)Ove, 
espedaily a tumour disease, the response to a therapeutically effective amount preferably 
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manifesting itself in a diminished proliferation, e.g. diminished tumour growth or even (mora 
preferably) tumor regression or (most preferably) tumour disappearance. The exact amount 
and the duration of administration may depend upon the nature of the epothiione, e.g. 
epothilone A, epothilone B or a mixture of both, the particular type of malignantly 
proliferating cells characteristic of the particular tumour, the seriousness of the condition, 
the rate of administration, as well as the pattenfs health and response to treatment. 

m 

Also, a pharmaceutical formulation of the present invention in suitable form for parenteral 
administration. e.g. an infusion solution prepared by diluting an infusion concentrate or a 
reconstituted lyophilised composition, may be combined witti other tumour treatments 
Icnown to a sldtled person, e.g. radiation, or administered as part of a combination therapy 
comprising at least one other chemotherapeutic agent. The administration of a combination 
of active agents may be simultaneous or consecutive, with either one of the active agents 
being administered first The dosage of ttie active agents of a combination treatment may 
depend on effectiveness and site of action of each active agent as well as synergistic 
effects between the agents used for combination therapy. 

■ 

Other chemotherapeutic agents may include especially any chemotherapeutic agent that is 
or can be used In the treatment of tumor diseases, such as chemotherapeuttcs derived from 
the following dasses: 

(A) allcylating agents, preferably cross*iinking chemotherapeutics. preferably bis-allcylatir)g 
agents, 

(B) antitumour antibiotics, prefeiatrty doxonibicin (Adriamydn^. Rubek^; 

(C) antimetabottas; 

(0) plant alkaioidi; 

(E) hormonal agents and antagonists: 

(F) biological lesponse modWeis, pref erat)ly lymphokines or Inteif erons; 

(G) inhibitors of protein tyrosine Icinases and/or seifneAhreonine Idnases; 

(H) antisense oligonucleotides or oligonucleotide derivatives; or ' 

(1) miscellaneous agents or agents with other or unknown mechanism of action, pref erat)iy 
of ttie Taxane dass, especially Taxotere* or most espedalty paditaxel (TaxoT). 
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A diluted fonnulation of the present invention may. therefore, be useful as a single anti- 
cancer foimulations or as part of a combination regimen for the treatment of various 
tu.mours. 

5 The utility of aU diluted fomnulations of the present invention may be obsenred in standard 
dinical trials in. for example, known indications of epothilone dosages giving equivalent 
blood levels of epothilone: for example using dosages in the range of about 0.1 to 6 mg^ 
of epothilone for weekly treatment and about 0.3 to 18 mgfrv? of epothilone for three-weeidy 
treatment for a 75 kilogram mammal, e.g. an aduK human of 1.73 m', and in standaid 

10 animal models. For examplOt the antitumor effect of single dose regimens are investigated 
in a model of human ovarian cancer SK0V3 as weH as a U373 g&oma rriodel. 

The increased btoavailabKtty of an epothitone administered in ttie form of a diluted 
formulatton of the present invention, may be obsenred in standard animal tests and in. 

15 clinical trials, e.g. as described above. Naturally, Uie exact amounts of epothOone and of 
the pharmaceutteal formulation to be administered may depend on a number of factors, e.g. 
the condition to be treated, ttie exact epottiih)ne, tiie desired duration of treatment and the 
rats of adfflinistratipn of epothilone. For example, the amouftt of epothOone required and 
the administration rate thereof may be detemiined on the basis of loiown in vivoanti ki vAro 

20 techniques, for example as described at>ove, determining how tong a particular epothBone 

« 

concentration in ttie blood plasma remains at an acceptable level for a therapeutic effect 

« 

bOuted formulations of the present inventfon may be conveniently administered 
intraverususly in a dosage of from about 0.1 to 100 mg/in', e.g. 0 J to 100 mg/m' epothSone 

25 A and from about 0.1 to 50 mg/m', e.g. 0.2 to SO mg/m* of epothilone B. Preferably, for 
weeldy treatment the dose is tsetvveen 0.1 and 6 mg/m^ preferably 0.1 and 5. more 
preferably 0.1 and 3. even more preferably 0.1 and 1 .7 mg/m'. most preferably 0.1 and 1 
mg^ for three-weekly treatment the dose is between 0.3 and 18 mg^', preferably 0.3 
ami 15. more preferably 0.3 and 1 2, even mom preferably 0.3 and 7.5 mg/hi*. most 

30 preferably 1 .0 artd 3.0 mg/m'. This dosis is.preferably administered to a human by 

irmaveruMJS administration during 2 to 180 min. preferably 2 to 120 ntfn, more preferably 
during 5 to 30 min. most preferably during 10 to 30 min, e.g. during 30 min. 
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Preferably the concentration and dosage strength may be such to achieve an effective dose 
level of about 0.5 to 15 mg/day, more preferably 1 to 10 mg/day, more preferably 2 to 8 
mg/day. The dose received by intravenous administration and the blood cor^centration may 
be determined accurately on the basis of krK>wn in yivo and In vitro techniques. 

5 

In yet another aspect the invention provides a method of administering an epothilone to a 
subject in need of epotliilone treatment which comprises administering parenteraliy a dQuted 
formulation of the present invention to a subject in need of such treatmenL More 
specifically^ such a method of administering an epothilone comprises (a) diluting a 
1 0 pharmaceutical f omiulation according to the invention, e.g. in the form of an infusion 

■ 

concentrate or a iyophiiised composition, with an aqueous medium, to form a solution 
suitable for parenteral, e.g. intravenous, administration, arid (b) administering such a 
solution to the sut^ecL 

15 In yet another aspect the. invention piovides use of an epothilone in the manufacture ef « 
medicament suKatiie for parenteral administrBlion. 

♦ 

The invention is illustrated by way of the f oOowing examples which are not intended to limit 
the scope of the present invenUoa All percentages are by weight^weight unless otherwise 
20 specified. Any components of the phamiaceutical f omiulations may further bB described in 
Fiedler, H. P. 'Lexikon der Hilfsstoffe fOr Pharmazie, Kosmetik und angrenzende Gebiete*. 
Editio Cantor, D-7960 Aulendorf. 4th revised and expanded edition (1996). the contents d 
wtiich are hereby incorporated t>y reference. 
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EXAMPLES 
Examplft 1 

Epothiione (15 mg of B or 50 mg of A ) is dissolved in 98-100 % propylene glycol (1.0 mQ. 

5 The solution is sterile nitered through a 0.22 microns pore size filter and charged to 1 ml 
ampoules. The filled ampoules are used for storage and shipment The fiBed ampoules are 
stable for a period of at least 12 months at a temperature of 2 to 8 *C. Prior to intravenous 
administration, the contents of an ampoule are added to 250 to 1000 mi of a 5 % glucose 
solution in wateMor-inJection. The intravenous solution thus formed is stable for a period of 

10 8 hours at room temperature. 

The experiment of Example 1 is repeated using the atisoiute and aqueous etharMi solvent 
systems and various polyethylene glycol solvent systems (Table 1). 

15 

Table 1: 



Example 


Solvent system 

■ 

• 


2 


Absolute ethanoi 


3 


Polyethylene glycol 300 


4 


Polyethylene glycol 400 


5 


50 to 100 % ethanoi . 


6 


Polyethylene glycol 300: 90 to 100 % 




Polyethylene glycol 400: 90 to 100 % 



The infusion solutions obtained from Examples 2 to 7 are afl stable for a period of 8 hours 
20 at loom temperature. 

■ 

Example 8 

Solubilities in various solvent systems are summarized in Table 2. If not indicated otherwise 
all solubility data refer to T s 22 *C. 

25 
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Table 2: Solubility of epothilone B in various solvent systems. 



1 « 1 

1 Soivent/Solvent*system | 


Solubility (g/n± 10% 1 


H^O (dH 6.0) 


0.16 (0.19. 4 «C) 1 


1 Phosphate buffer dH 7.4 1 


0.16 (0.19. 4 "Q 1 


1 H90. 0.9% Qlucose 




0 Ifi 1 


1 HiA. S% Qlucose 


0.16 1 


H?0. 15% atvcerin 


0.19 1 


1 H?0, 5% poloxamer 1 88 1 


0.23 1 


1 EtOHA^aO (v/v) 


100/0 


>50 1 




50/50 


27 1 




30^0 


! A 1 1 

1 




20/80 


1 




10/90 


1.1 1 


1 PEG 3OQ/H2O (v/v) 


10QA) 1 


19 1 
1 1^ 1 




50/50 


10 




ra'so 


2.5 1 


1 PEG 400/HaO 


100/0 


1 ^ 1 


(v^) 


50/50 


11 




70/30 


2.3 1 


1 Propylene glycol/HjO 


100/0 


i 26 1 


(v^) 


70/30 


10.4 1 




50/50 


1 1.6 1 



The solubiBty of @pothS^«s B In water et neutral pH is about 1 80 rng/!, and signif :canS^/ 
5 higher solubility is achieved in PEG/water, propyieneglycol/water, or EtOH/water mbctuies. 
in comparison, previously reported aqueous solubility of epothilone A is 940 mg/1 and 700 
mg/l f or mbctures of epothiiones A and B. 

Example 9 

1 0 The stabOity of aqueous versus nonaqueous pplyethyleneglycol infusion concentrates 

comprising epothilone B at different concentration and various temperatures is determined. 
Typically, a Icnown amount of epothilone B is dissolved in 1 .0 ml of each of the various 
solvent systems and each solution is sterile filtered and charged to 1 ml white*glass viate 
with grey njbber stoppers and grey flip-off caps. Table 3 describes the amount of 
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degradation product formed over a period of up to seven months. The stability is analyzed 
by determining fomf^ation of degradation products in each of the infusion concentrates as a 
function of time and temperature. Each sample is analyzed by HPLC. the sample is 
prepared by diluting the concentrate with an aqueous medium. The stability of ail infusion 
5 concentrates after 3 months at 2 to 8 ""C is comparable. At higher temperatures, e.g. 25 
nonaqueous solvent systems comprising PEG exhibit generally higher stability than 
aqueous solvent systems comprising PEG. 

Table 3 Proportion of degradation products In aqueous vs. nonaqueous 
10 PEG«containing infusion concentrates, 

m 



Solvent system 


Dosage 


Time 


2-8 *C 


25«C 


PEG 400 


1 mg/ml 


3 months 


<0.1 


0.2 


PEG 400/ water 
90:10 (w^iv) 


1 mg/ml 

m 


3 months 


<0.1 


0.4 


PEG 300 


1 mg/ml 


3 months 


<0.1 


m 


PEG 300/ water 
90:10 (w/w) 


15 mg/ml 


7 months 


<0.1 


1.0 


ethanol/water 
59:41 (wM) 


5mg/ml 


InWal 
1 month 
5 months 


<0.1 
0.3 
0.3 


• 



15 Example 10 

An aqueous sciution ^ prepared by dissolvir^g epothiione S (5.0 mg} and marvAoi (1500 
mg) in water for injection to make up a 30 mi solution. The solution is passed thiou^ a 
sterile 0.22 micron poie size membrane filter t)efore asepticaily filling the solution into a 
glass vial and thereafter asepticaily fitting a sterile stopper to the vial in readiness for the 

20 drying process. The filled vial is then positioned in a lyophiUsation chamber and cooled to a 
temperature of about •40 *C. The lyophilisator condenser is cooled to about -60 ^ and the 
chamber is evacuated to about 0.1 milltorr. The chamber temperature is set to about 20 *C 
to start the drying process. After about 20 hours of drying the diamber pressure has 
increased to about 0.2 maiitorr and the drying process is deemed complete. The pressure of 

25 the chamber is increased to atmospheric pressure by asepticaily introdudng sterile air or 
nitrogen into the chamber. Thereafter the stopper is asepticaily seated onto the vial to 
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provide a hermltic sterile seal. The sealed vial provides a single dose container of 
epothilone B which is reconstituted shortly before administration with 25 mi of water for 
injection. The dosage is administered intravenously. 

The iyophtlised product possesses the desired characteristics required of the iyophilised 
compositions according to the inventioru 




10 



The methodology of Example 10 is earned out in respect of the tabulated components set 
forth hereinbelow to form Iyophilised products (Table 4). 



Table 4 



1 Example 


Epothilone B 
mg 


hydroxypropyl^tjeta 
cydodextrin /mg 


Water for 
Ir^ection/mi 




iio 


400 ~ 


up to 4.2 . 


1 12 


5!o 


500 


up to 5.0 


1 13 


5.0 


420 


upto4.2 


1 ^ 


5!o 


^0 


up to 8.5 



The Iyophilised products formed according to Examples 1 1 to 14 possess the desired 
15 characteristics required of the Iyophilised compositions according to the invention. 



• • ■ 
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CLAIMS 

1 . A pharmaceutical fomujlatlon in the form of an infusion concentrate comprising an 
epQthilone and a pharmaceuticaliy acceptable organic solvent 

5 

2. ' A pharmaceutical formulation comprising an epothilone arul a pharmaceuticaliy 

acceptable organic solvent in the absence of a surfactant having an HLB value of 10 
or above, e.g. Cremophoi*. 

4 

10 3. A pharmaceutical formulation comprising an epothilone and a pharmaceuticaliy 

acceptable organic solvent selected from (i) an alcohol or (ii) an N-alkylpyrrolidone. 

4. A pharmaceutical formulation according to any of the preceding dalms wherein the 
pharmaceuticaliy acceptable organic solvent Is a polyethylene glycol 

15 

5. A pharmaceutical formulation according to any of the preceding dalms additionally 
comprising added water. 

6. A pharmaceutical formulation according to any of the preceding dalms wherein water 
20 is present in an amount of up to 45 % w/v. 

7. A pharmaceutical formulation according to daim 7 wherein water is present in an 
amount of up to 0.5 % 

25 8. A pharmaceuticai formulation according to any of the preceding daims wherein the 

epothilone is at a concentration of 1 to 5 mg/ml. 

♦ • 

9. An Infusion solution comprising a formulation according to any of the preceding daims 
and a pharmaceuticaliy acceptable solvent 

30 

1 0. A lyophillsed composition comprising <i) an epothHone and (Ii) mannitol or a 
cydodextrin. 
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11. A lyophilised composition comprising an epothilone and hydroxypropyl-beta* 
cydodextrin. 

12. A lyophilised composition according to daim 1 0 or 1 1 wherein an epothiione 
> represents 0.1 to 1 .5 % of the total solids. 

1 3. A lyophilised composition accordirig to claim 1 0 or 1 1 wherein an epothOone 
represents 0.1 to 1 .5 % of the total solids and a cydodextrin represents 90 to 99% 
of the total solids. 

0 

14. A reconstituted lyophilised compositi(») comprising a pharmaceutical formulation as 
described in anyone of daims 1 0 to 1 3 in a pharmaceuticaity acceptat)le solvenL 

15. A method of administering an epothilone which comprises : 

1 5 (a) diluting a phannaceutical f onnulation according to anyone of daims 1 to 8 «Mi ah 

aqueous medium to form an infusion solution and 
(b) administering the infusion solution intravenously to ttie sut^ecL 

1 6. A method of administering an epothilone which comprises : 

20 (a) reconstituting a lyophilised composition according to anyone of claims . 1 0 to 1 3 

with an aqueous medium to form a solution and 
(b) administering ttie solution intravenously to the sut^ecL 

17. A method of admir\istering an epothilone to a subject in need of epothilone treatment 
25 which comprises administering parenterally an infusion solution according to daim 9 

■ 

to a subiect in need of such treatment 



18. A method of administering an epothiione to a subject in need of epothiione treatment 
which comprises administering parenteraiiy a reconstituted tyophilised composition 

30 accordirtg to daim 14 to a subject in need of such treatment 

19. Use of an epothilone in the manufacture of a medicament suitable for parenteral 
administration* 
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